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ABSTRACT 
United States Environmental Protection Agency (USEPA) had identified and 
recommended air quality monitoring to take place at 63 schools throughout the country. 
Unfortunately, tribal schools were not considered during the time USEPA conducted the analysis. 
The importance of identifying any air toxic pollutants affecting school children needs to be 
analyzed. Conducting an air monitoring toxic analysis on the Navajo Nation at Church Rock 
Elementary School, Church Rock, New Mexico (CRNM) was carried out. The current school 
location posed a concern, in regards to the surrounding stationary, mobile, and natural emissions 
emitted all types of toxic pollutants. USEPA sponsors various air monitoring program, which 
Tribal Air Monitoring Support (TAMS) program undertook, and offered tribal programs, 
organizations or agencies to utilized air monitoring equipment's. The air monitoring setup was 
conducted with the contract Eastern Research Group, Inc. (ERG) laboratory, where collection of 
24-hour ambient air samples for 60 days on a 6-day sampling interval were performed. The 
analysis for volatile organic compounds (VOCs)were collected from canister samples using 
USEPA Compendium Method TO-15, polycyclic aromatic hydrocarbons (PAHs) from 
polyurethane foam (PUF) and XAD-2 resin samples using USEPA Compendium Method TO-13A. 
Carbonyl compounds were collected by sorbent cartridge samples using USEPA Compendium 
Method TO-11A, and trace of metals from filters were sampled using USEPA Compendium 
Method IO-3.5 and FEM EQL-0512-202. A total of 53 VOC concentrations were greater than 1 
µg/m3, where dichlorodifluoromethane, trichlorofluoromethane, chloromethane, dichloromethane, 
propylene, toluene, acrolein and acetylene were detected. A total of 23 carbonyl compound 
concentrations were greater than 1 µg/m3, where acetone and formaldehyde were measured. 
Naphthalene average with the highest average for PAHs, where phenanthrene and retene were 
the second and third highest averages. As for the metals the highest averages resulted from 
manganese, chromium and lead. Overall, the air toxic pollutants resulted from CRNM surrounding 
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     Air pollution has been linked to many negative human health effects, which are caused by a 
variety of emission sources, stationary and mobile factors.  U.S. Environmental Protection 
Agency (EPA) (2015) states, “People exposed to toxic air pollutants at sufficient concentrations 
and durations may have an increased chance of getting cancer or experiencing other serious 
health effects. These health effects can include damage to the immune system, as well as 
neurological, reproductive (e.g., reduced fertility), developmental, respiratory and other health 
problems.”  The factors emit air toxics that are known or suspected to cause cancer or other 
serious health problems, which has led to U.S. Environmental Protection Agency (EPA) – Office 
of Air Quality Planning and Standards (OAQPS) to develop a school air monitoring project called 
the School Air Toxics Monitoring Program (SATMP).  The SATMP now described as the School 
Air Toxics Monitoring Initiative refer to the project where EPA, state, local and tribal monitoring of 
outdoor air around schools are conducted to address pollutants of known air toxics (EPA, 2015).  
EPA took part in a new initiative approach to ensure that children are breathing healthy outdoor 
air, where air quality monitoring at sixty-three (63) schools throughout the United States (US) was 
conducted.  The importance of gathering air toxic data from various schools across the United 
States were conducted, but the tribal school air toxic data was lacking, where data could have 
assist in understanding if tribal school environments were also being affected by surrounding air 
toxics.  Mostly tribal schools were not considered for the EPA’s analysis of selected schools to be 
included within the merit analysis about air quality.  EPA is still addressing concerns about the 
deficiency of air quality information from surround tribal communities.  Therefore, programs like 
the Tribal Air Monitoring Support (TAMS) Program has assisted with SATMP for tribal 
communities to perform air monitoring pilot projects, to help gather air monitoring data by loaning 
air monitoring equipment’s to be setup at designated sites.  The Navajo Nation submitted a 
request through the Church Rock Chapter, located in Church Rock, New Mexico to be selected 
as an SATMP site to be setup at the Church Rock Elementary School (CRNM) in Church Rock, 
New Mexico.    
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Statement of Problem 
     EPA conducted recommendations at 63 schools across the country to ensure children are 
breathing healthy outdoor air.  This was a new initiative to identify schools where investigation is 
to be conducted to produce data availabilities to EPA based on the air pollution within the 
surrounding school grounds.  Unfortunately, schools on tribal lands have limited air pollution and 
emission information, and tribal schools were not considered part of the 63 schools assessment.  
Regardless of limited information, EPA is continues seeking tribal school data in order to 
eliminate concerns or address issues regarding potential air toxics might be impacting tribal 
school environment.  The Navajo Nation land mass is the size of the state of Vermont.  
Conducting the school air toxic project to be setup at CRNM cannot be considered the only 
school toxic analysis information for the Navajo Nation.  Selecting CRNM is a start for the Navajo 
Nation to be considered for additional air toxic monitoring studies to be assessed at other 
agencies within Navajo Nation.  The importance of collecting data for the well-being and health 
status from children attending school can provide an assessment if potential air toxics are 
affecting their learning abilities or growth development. 
     The health related issues caused by breathing in air toxics for children can have an effect on 
their developmental growth to enhance their learning abilities.  Research by Clark-Reyna, 
Grineski & Collins (2015) states the higher levels of residential air toxics, specifically from non-
road mobile sources, are statistically significantly associated with lower grade point averages 
among fourth and fifth grade school children in El Paso, Texas.  The CRNM air monitoring site is 
surrounded by an active production area where emission resulting from oil and gas facilities emit 
air toxics, nearby traffic represent mobile sources of air pollutants, and local residences continue 
to practice outdoor burning.  All these sources can impact children’s health.    
Objectives & Scope 
     The project objective is to confirm ambient air monitoring efforts that can yield location specific 
air quality data.  This data can be sufficient as an initial screening project for potential impacts 
from air toxics pollutants that can impact school grounds.  This data should assist EPA, state, 
local and tribal agencies in enforcing policies on surrounding sources, or to request additional air 
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monitoring studies to be conducted.  This study investigated the concentrations of key air toxics 
at CRNM over a 2-3 month period.  The results of this study can help determine whether the 
concentrations of air toxics, in light of health risk-based criteria, may require additional follow-up 
activities.   The results collected from CRNM will determine if additional data analysis will be 
needed by extending the short-term monitoring to a long-term status.   
Limitations        
     This research only collected data pertaining to volatile organic compound (VOCs), carbonyl 
compounds, polycyclic aromatic hydrocarbons (PAH), and metals of particulate matter 10 (PM10).  
The emitting source reviewed within this research is oil and gas production, mobile sources, and 
outdoor burning.  Comparing another SATMP monitoring site information within this study, which 
was located in another area of the Navajo Nation, was limited.  Due to the SATMP was 
conducted by a Navajo Nation program, and seeking permission to use information within this 
study was not granted or authorized.        
 Assumptions 
     This research approval to be conducted is to address air toxic emissions for the region within 
Church Rock, New Mexico.  This monitoring data results is not to be considered the only data 
analysis to be determine for the Navajo Nation.  Other sections of the Navajo Nation can be 
recommended or determine for further data analysis.  The Navajo Nation is located within 3 
states: Arizona, New Mexico and Utah.  The east boundary side of the Navajo Nation local 
communities is in close proximities to Farmington, New Mexico and Gallup, New Mexico.  The 
city of Farmington, New Mexico is considered a metropolitan status, but Gallup, New Mexico is 
not.  It is assumed the Navajo Nation is considered a rural area, but border town population can 
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 CHAPTER 2 
LITERATURE REVIEW 
Volatile Organic Compounds (VOCs) 
     Volatile organic compounds (VOC) contain carbon and can evaporate.  EPA (2015a) defines 
VOCs as means of any compound of carbon, excluding carbon monoxide, carbon dioxide, 
carbonic acid, metallic carbides or carbonates and ammonium carbonate, which participates in 
atmospheric photochemical reactions, except those designated by EPA as having negligible 
photochemical reactivity.  The EPA Federal Register 40 CFR part 51 (1996) states, “This action 
adds perchloroethylene (perc), also known as tetrachloroethylene, to the list of compounds 
excluded from the definition of VOC on the basis that it has negligible photochemical reactivity, 
where this rule results in more accurate assessment of ozone formation potential and will assist in 
avoiding exceedances for the ozone health standards.  This rule does this by causing control 
efforts to focus on compounds which are actual ozone precursors, rather than giving credit for 
control of a compound which has negligible photochemical reactivity.”  VOCs are used within 
household and commercial products.  Some cleansers, disinfectants, waxes, glue, cosmetics, dry 
cleaning products, paints, varnishes and preservatives include VOCs.  Other products VOCs are 
found in are gasoline, kerosene, fuel, cigarette smoke, and pesticides.  Research by Ho and Lee 
(2001) states VOCs are an important group of air pollutants to be investigated, as they contribute 
to the most serious air pollution problems, where they have been demonstrated to be active in the 
formation of photochemical smog and ground-level ozone productions.  Some VOCs found in 
urban air classified as carcinogenic compounds (1, 3-butadiene and benzene).  VOCs can cause 
health effects, but the type and amount of exposure can vary with the individual exposed.  
Children are a potentially at-risk population because they may be both more exposed to VOCs 
and more susceptible to adverse effects than adults (Sexton et al., 2005).  The types of health 
effects resulting from VOCs exposure may cause irritation to the eyes, nose, and throat.  Also 
other health effects may be headaches, nausea, and nerve problems.  The United States 
National Library of Medicine – Tox Town (2015) states, long-term exposure to volatile organic 
compounds can cause damage to the liver, kidneys, and central nervous system. Short-term 
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exposure to volatile organic compounds can cause eye and respiratory tract irritation, headaches, 
dizziness, visual disorders, fatigue, loss of coordination, allergic skin reactions, nausea, and 
memory impairment.  “It is well established, for example, that children can be affected by different 
sources, pathways, and routes of exposure than adults; that children often have greater intake of 
air, food, beverages, soil, and dust per unit body weight and surface area; and that children differ 
from adults in terms of important pharmacokinetic and pharmacodynamics parameters” said 
Sexton et al.(2005).  The effects of outdoor VOCs have a lower impact compared to indoor 
exposure.  The outdoor exposure of VOCs are more common in urban areas, where sources are 
related to bus or automobile exhaust.  While VOCs can also be a health concern outdoors, EPA 
regulates VOCs outdoor mainly because of their ability to create photochemical smog under 
certain conditions (EPA, 2015a).     
Carbonyl Compounds                   
     Carbonyl compounds are defined as a compound containing carbonyl groups, where a carbon 
atom is double bonded to an oxygen atom.  Kim et al. (2007) states ambient carbonyls are 
directly discharged from such primary sources as exhaust gases of motor vehicles and 
incomplete combustion of hydrocarbons fuels in industrial machinery and industrial processes 
(production of paper, adhesive, automobile, etc.).  Carbonyl compounds can be characterized as 
major odorous pollutants.  Carbonyls are among the major species of organic compounds 
involved in photochemical air pollution, since aldehydes and ketones play an important role as 
products of photo oxidation of gas-phase hydrocarbons as a major source of free radicals (Ho & 
Lee, 2001).  Wang, Lee & Ho (2007) state carbonyl compounds are toxic and the most observed 
toxic effects are irritation of skin, eyes and nasopharyngeal membranes.  Formaldehyde is usually 
the most abundant and the airborne carbonyl compound most concern since it is classified 
carcinogenic to humans by the International Agency for Research on Cancer (2004).  Another 
carbonyl compound exposure of health concerns is aldehydes.  EPA (2015) lists health effects 
from aldehydes relating to inhalation concerns, where it can alter breathing patterns by narrowing 
airway openings, and damage cells lining the airways, prompting white blood cells to enter the 
lungs.  Carbonyl sulfide is another element listed as a carbonyl compounds.  The health effects of 
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carbonyl sulfide in animal studies show that exposure to high levels of carbonyl sulfide in the air 
can damage the areas of the brain that control movement and process sound information 
(ATSDR, 2014).  Liu et al. (2006) defines the health effect of acrolein as a severe lung irritant 
that, at high acute exposures, can induce oxidative stress and delayed-onset lung injury, 
including asthma, congestion, and decreased pulmonary function These are just a few of 
carbonyl compounds health effects that children might be exposed to while attending school on a 
daily base.    
Polycyclic Aromatic Hydrocarbons (PAH)   
     Polycyclic aromatic hydrocarbons (PAH) are a group of chemicals that occur naturally in coal, 
crude oil and gasoline.  PAH are hydrocarbons where organic compounds contains only carbon 
and hydrogen.  Also EPA (2008) states PAHs are created when products like coal, oil, gas, 
garbage are burned but the burning process is not complete.  PAHs can stay in the environment 
for long periods of time.   A few PAHs are used in medicines, plastics, dyes, and pesticides.  The 
exposure of people encountering PAHs is based on breathing air contaminants that result from 
motor vehicle exhaust, agricultural or wood smoke, cigarette smoke, fumes from asphalt roads, 
industrial waste incineration, and release from hazardous waste sites.  Also PAHs can attach 
itself to dust or other particles in the air.  After PAHs are swallowed, breathed in, or in some 
cases, passed through the skin, the body converts PAHs into breakdown products called 
metabolites that pass out of the body in the urine or feces (CDC, 2013).  The health effects 
associated with PAH suggest an adverse impact of prenatal PAH exposure on child behavior that 
could impact cognitive development and ability to learn, and have been shown to affect 
subsequent academic performance due to increase anxiety, depression and attention problems 
from PAH exposure (Perera, 2012).  Several of the PAHs, including benz[a]anthracene, 
benzo[a]pyrene, benzo[b]fluoranthene, benzo[j]fluoranthene, benzo[k]fluoranthene, chrysene, 
dibenz [a, h] anthracene, and indeno [1, 2, 3-c, d] pyrene, have caused tumors in laboratory 
animals when they breathed these substances in the air, when they ate them, or when they had 
long periods of skin contact with them (ATSDR, 1995).  Furthermore, studies of people show that 
individuals exposed by breathing or skin contact for long periods to mixtures that contain PAHs 
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and other compounds can also develop cancer (ATSDR, 1995).  EPA (2008) has determined that 
benz[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, benzo[k]fluoranthene, chrysene, 
dibenz[a,h]anthracene, and indeno[1,2,3- c,d]pyrene are probable human carcinogens and that 
acenaphthylene, anthracene, benzo[g,h,i]perylene, fluoranthene, fluorene, phenanthrene, and 
pyrene are not classifiable as to human carcinogenicity. For example one of the listed probable 
human carcinogen is benzo (a) pyrene, which has been studied extensively and considered a 
potent carcinogen, meaning low doses may cause cancer (CDC, 2013).  
Particulate Matter (PM) 10 Metals 
     “Particulate matter (PM) is used to describe solid or liquid particles that are airborne and 
transported and dispersed in atmosphere, which vary in number, size, shape, surface area, 
chemical composition, and solubility” stated by Contini, Cesari, Donateo, Chirizzi, & Belosi 
(2014).  PM originates from a variety of natural or anthropogenic sources and possesses a range 
of morphological, physical, chemical, and thermodynamic properties.  EPA (2015) states that the 
size of particles is directly linked to their potential for causing health problems.  EPA is most 
concerned about particles 10 micrometers in diameter or smaller, which are the particles that 
generally pass through the throat and nose and enter the lungs.  EPA groups particle pollution 
into two categories: inhalable coarse particles and fine particles.  “Inhalable coarse particles,” 
such as those found near roadways and dusty industries, are larger than 2.5 micrometers and 
smaller than 10 micrometers in diameter (EPA, 2015). “Fine particles,” such as those found in 
smoke and haze, are 2.5 micrometers in diameter smaller, which can be directly emitted from 
sources such as forest fires, or they can form when gases emitted from power plants, industries 
and automobiles react in the air (EPA, 2015).  This can have a serious health impact to the heart 
and lungs, and lead to serious health effects.  EPA (2015) states numerous scientific studies 
have linked particle pollution exposure to a variety of problems, including premature death in 
people with heart or lung disease, nonfatal heart attacks, irregular heartbeat, aggravated asthma, 
decreased lung function, and increased respiratory symptoms, such as irritation of the airways, 
coughing or difficulty breathing.   
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     Metals can have additional health effects that can be detrimental.  Research by Gieger and 
Cooper (2010) define differences in exposure to metals or inorganic metal compounds due to the 
difference between persistence in the body compared to organic compounds.  Metals are neither 
created nor destroyed by biological and chemical processes, but may be bio transformed from 
one chemical species to another.  The exposure to metals in the air is capable of causing a 
myriad of human health effects, ranging from cardiovascular and pulmonary inflammation to 
cancer and damage of vital organs (Gieger & Cooper, 2010).  Additionally, metals have been 
associated with wide range of environmental and health effects including respiratory and 
pulmonary disorder, neurotoxicity, and cancer, which results from high concentrations of metals, 





The laboratory ERG (Eastern Research Group) conducted the data analysis and overview, since 
collections from samplers were mailed to:  ERG, Inc. 601 Keystone Park Drive, Suite 700, 
Morrisville, North Carolina, 27560.  The samples were mailed on a weekly base after samplers 
collection were retrieved (Appendix A).  The samples were collected by site operator (Ms. 
Karmen Billey), who participated and assist by setting up the air monitoring instruments along 
with retrieving the samples.  The sampling plan was adopted by EPA SATMP, where TAMS 
followed the requirements of the School Air Toxics Monitoring Quality Assurance Project Plan 
(EPA, 2015).  The samples were collected starting on December 25, 2014 through March 19, 
2015.  The samplings were collected in 1-in-6 day interval, where the samplers ran for 24 hours.  
EPA’s Compendium methods versions were used by the laboratory ERG for data analysis.  Four 
types of samplers were used to collect data information at CRNM site.  Below are the listed EPA’s 
Compendium methods used by ERG for data analysis, as well as descriptions provided below 
within this section: 
 Compendium Method TO-15 for measuring 59 VOCs. EPA (1999) addresses the polar
compounds to a lesser extent do not consistently chromatograph well. For example,
acrolein is difficult to analyzed, but with gas chromatograph/mass spectrometry (GC/MS)
in Selected Ion Monitoring (SIM) mode it can be accurately measured, even at low
concentrations. The Compendium Method TO-15 is used for sampling and analytical
procedures for the measurement of subsets of the 97 VOCs that are included in the 188
hazardous air pollutants (HAPs).
 Compendium Method TO-11A for measuring 15 carbonyl compounds.  EPA (1999)
states, “The carbonyl compounds in the sample are identified and quantified by
comparing their retention times and area counts with those of standard DNPH
derivatives. Formaldehyde, acetaldehyde, acetone, propionaldehyde, crotonaldehyde,
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benzaladehyde, and o-, m-, p-tolualdehydes can be identified with high degree of 
confidence.”   
 Compendium Method TO-13A for measuring 22 PAHs.  EPA (1999) determined in the
laboratory in regards to collection efficiency, the Compendium Method TO-13A
demonstrates to be greater than 95% for targeted PAHs, except for naphthalene,
acenaphthylene, and acenaphthene.
 Compendium Method IO-3.5 and EPA Federal Equivalent Methods (FEM) EQL-0512-202
for PM10 were used to measure 11 metals.  EPA (1999) indicated this measurement
method is used for sampling and analytical procedures for the measurement of metals in
ambient air. The analysis technique allows more than 60 elements to be quantitatively
determined, and the isotopes of an element can be determined as well.  However, this
method only detects 20 compounds.”
VOC Sampling and Analytical Method 
     Compendium Method TO-15 was used by ERG based on EPA (1999) guidelines.  The air was 
sampled through a collection by a passivated stainless steel canister for VOC sampling.  The 
stainless steel canisters were provided by the ERG laboratory, where the canisters were 
prepared (i.e., cleaned and evacuated) and mailed to the designated CRNM site operator before 
each sample for the monitoring site collection run dates were scheduled.  At the time of canister 
setup, the canister is connected to air sampling equipment prior to each sampling event.  The 
passivated canisters had an internal pressure that was lower than the atmospheric pressure.  
Due to the evacuated canister, air was able to flow into the canister automatically with the 
assistance of a solenoid valve system connected to the canister once it was opened.  A mass 
flow controller device inlet was connected to the canister, which allowed air to enter at a constant 
rate during the 24 hour sampling collection date.  At the designated time and date, the solenoid 
valve automatically closed and the air was stopped from flowing into the canister.  The canisters 
were retrieved and returned back to ERG laboratory for analysis, along with Chain of Custody 
(CDC) forms (Appendix B).  
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     The ERG laboratory conducted the analysis for each sample with gas chromatograph/mass 
spectrometry (GC/MS), operating in the Selected Ion Monitoring (SIM) mode.  Laboratory staff 
were able to determine the concentrations of 59 VOCs.  This analysis was carried out in this way 
because VOC analysis method reports only the sum concentration for two isomers (m-xylene and 
p-xylene) form the gas chromatograph column at the same time.  VOC concentration data 
collected from CRNM are shown in Appendix A.    
Carbonyl Compound Sampling and Analytical Method 
     Compendium Method TO-11A was used by ERG based on EPA (1999) guidelines. The 
carbonyl compound sampler has an ozone scrubber, where air goes through and then down into 
the cartridges.  The cartridges contain silica gel coated with 2, 4-dinitrophenylhydrazine (DNPH), 
which is a compound identified to react with many aldehydes and ketones.  Other compounds not 
considered carbonyl are not retained in the cartridge, which continue passing through without 
reacting with DNPH-coated matrix.  ERG laboratory sent DNPH cartridges to the CRNM site 
operator, who connected the cartridge to the air sampling equipment, where the date and time of 
each sample was recorded within 24 hour sampling period.  The cartridge was then retrieved and 
sent back to ERG laboratory for analysis, along with COC forms (Appendix C). 
     The ERG laboratory conducted the analysis for each sample by extracting the exposed DNPH 
cartridge with acetonitrile.  To determine the amount of each carbonyl compounds within each 
cartridge, ERG used high-performance liquid chromatography (HPLC) with ultraviolet (UV) 
detection.  Similar to the sum concentration of VOCs, three tolualdehyde isomers (m-xylene, o-
xylene, and p-xylene) are removed from the HPLC column at the same time, where the sum 
concentration is only reported for these isomers and not separated. Carbonyl compound 
concentration data collected from CRNM are shown in Appendix A.      
PAH Sampling and Analytical Method 
     Compendium Method TO-13A was used by ERG based on EPA (1999) guidelines and ASTM 
D6209.  The ERG laboratory supplied the PUF/XAD-2® cartridge and a glass fiber filter, which 
were installed in high volume sampler.  The samples were set to run for a 24 hour sampling 
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period. Once sampling period was completed, site operator retrieved the cartridge and filter, 
which were sent to ERG laboratory along with COC forms (Appendix D). 
     The ERG laboratory conducted the analysis by retrieving 14 days of sampling; the cartridge 
and filter were extracted together.  The extraction was done by using toluene in hexane solution 
using the Dionex Accelerated Solvent Extractor (ASE) 350 or ASE 300.  ERG states the 
extraction is concentrated to a final volume of 1.0 milliliter (mL).  A volume of 1 microliter (µL) is 
injected into the GC/MS operating in the SIM mode to analyze for the 22 PAHs concentrations.  
PAHs concentration data collected from CRNM are shown in Appendix A.      
PM10 Metals Sampling and Analytical Method 
     Compendium Method IO-3.5 and EPA FEM EQL-0512-202 was used by ERG based on EPA 
(1999) guidelines for the data analysis section.  The collections of metal sampling were 
conducted by ambient air passing through a 47mm Teflon® filters.  Particulate matter less than 10 
microns (PM10) were sampled at a low volume, where collections were done under local 
conditions.  Site operator retrieved filters after the 24 hour sampling period, and returned them to 
the ERG laboratory for data analysis to be carried out, along with COC forms (Appendix E).   
     The ERG laboratory processes the filter analysis by digested the filters using a dilute nitric 
acid, hydrochloric acid, and hydrofluoric acid solution.  Then the filter goes through an inductively 
coupled plasma-mass spectrometry (ICP-MS) to quantify the concentration of specific metals to 
be shown within the primary air sample.  PM10 metals concentration data collected from CRNM 
are provided in Appendix A.      
Site Description 
     Within this section the monitoring site characterization will be provided using geographical and 
physical information in regards to the selected air monitoring site and surrounding community 
setup to conduct the SATMP project.  Furthermore, additional information as to why this particular 
SATMP was considered, including surrounding emission factors which might have an impact on 
the air quality site data analysis.  The Navajo Nation is a federally recognized Indian Tribe with 
inherent powers of sovereignty and authority to manage and control the use of Navajo lands and 
resources.  The Navajo Nation covers a land mass of about over 27,000 miles with the states of 
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Arizona, Utah, and New Mexico.  Surrounding the Navajo Nation are the Southern Ute of 
Colorado, and Ute Mountain Ute Tribe.  Hope Indian Reservations is located surrounded by the 
Navajo Nation in Arizona.  The Navajo Nation has three (3) large non-contiguous sections located 
in New Mexico, which are Ramah Navajo Indian Reservation, Alamo Navajo Indian Reservation 
and Tohajiilee Indian Reservation.  Figure 1 shows the overall boundaries of the Navajo Nation 
retrieved from the Navajo Area-Indian Health Services (2015) website.  A red dot is placed on the 
Navajo Nation map designating the location of Church Rock, New Mexico.  
Figure 1. Navajo Nation boundary map. 
     Church Rock Elementary School is one (1) of nineteen (19) schools within Gallup McKinley 
County School, Gallup, New Mexico, is considered a “public” school.  Church Rock Elementary 
School has teaching grade levels from pre-kindergarten to 5th grade, and about 95% are 
American Indian.  The town of Church Rock is located about 7 miles east of Gallup, New Mexico 
and about 24 miles east from the state line.  The Church Rock Elementary School was selected 
to be the designated monitoring site.  Composite satellite images shown in figures 2 and 3 are 
retrieved from Google Earth Maps (2015) and show the location of Church Rock Elementary 
School and the community of Church Rock, New Mexico.  Figure 2 shows the location of the 
school and a star has been place to provide an image where the monitoring site location on the 
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east side of the school was located.  North from the Church Rock Elementary School are the red 
rock formations, shown in Figure 2, which are a part of the Red Rock State Park.  Figure 3 shows 
the composite satellite image of Red Rock State Park.  Across the street from the school are 
located with residential homes, which the area is categorized to be as residential and rural.  The 
Church Rock community is located north of Interstate 40 (I-40), which runs east to west across 
the United States parallel with Route 66.  Table 1 states the geographical information for the 
Church Rock Elementary School.  An EPA Air Quality Standard (AQS) Code was assigned for 
this site.   
Figure 2. Navajo Nation Church Rock (CRNM) Monitoring Site Location 
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Figure 3. Church Rock (CRNM) Monitoring Site – Wide View 
Table 1.  
Church Rock Monitoring Site Geographical Information 
Site 
Code 






















     Figure 4 identifies emissions nearby the CRNM based from the point source information.  The 
emissions locations are designated by the amount of nearby facilities located within a certain 
distance from CRNM.  This will provide an idea of which emission sources and categories could 
have a direct impact on the overall air quality at CRNM.  Figure 4 shows the proximity of emission 
and quantity sources to the monitoring site at a certain distance.  Within a 10 miles radius 
distance from CRNM there are three (3) source categories determine. Two (2) oil and/or gas 
production, one (1) petroleum refining (Figure 5), and one (1) rail line/yard operations.  The 
facilities closest to the monitoring site are oil and gas production, which are located at the bottom 
left side of Figure 4, north from Interstate Highway 40 (I-40).  The facilities are located west and 
more than 3 miles from monitoring site.  Additional, nearby facilities from CRNM include a casino 
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with installed generators, a rock and Gravel Company, and an out of business furniture making 
facility.  The surrounding residential community near to CRNM conducts open trash burning 
practices that may contribute to the emissions of air toxics.       
Figure 4. Nearby Point Source Facilities from CRNM 
Figure 5. Nearby Point Source Facilities from CRNM to Petroleum Refining Facility 
Point Source 
Surrounding Community 
Rail road  





Sample Collection Schedule 
     Sample recovery for each sample from the air toxics instruments sampler in the SATMP 
network must happen within 72 hours of the end of the sample period.  For 1-in-6 days sampling, 
this will normally be the day after a sample is completed and retrieved.  At this time of sample 
recovery, the next sample would also be set-up, see Table 2.  The sample collection began on 
December 25, 2014 and the last day for sampling took place on March 19, 2015, which is also 
shown in Table 2.     
Table 2. 
1-in-6 Days Sampling Calendar 2014-2015 
December 2014 
Sun Mon Tue Wed Thu Fri Sat 
1 2 3 4 5 6 
7 8 9 10 11 12 13 
14 15 16 17 18 19 20 
21 22 23 24 25 26 27 
28 29 30 31 
February 2015 
Sun Mon Tue Wed Thu Fri S
at 
1 2 3 4 5 6 7 
8 9 10 11 12 13 14 
15 16 17 18 19 20 21 
22 23 24 25 26 27 28 
Sample Collection Date 
January 2015 
Sun Mon Tue Wed Thu Fri Sat 
1 2 3 
4 5 6 7 8 9 10 
11 12 13 14 15 16 17 
18 19 20 21 22 23 24 
25 26 27 28 29 30 31 
March 2015 
1 2 3 4 5 6 7 
8 9 10 11 12 13 14 
15 16 17 18 19 20 21 
22 23 24 25 26 27 28 




     The major goal of this study was to determine if there are any hazardous air pollutants 
surrounding school boundaries within the ambient air that could possibly are affect school 
children learning and developmental growth.  The CRNM air-monitoring site was selected based 
on the potential surrounding sources by the TAMS steering committee (see Appendix F).  Also 
the proposal for the CRNM air monitoring site to be considered had to be presented to the Church 
Rock Community Chapter and the Gallup McKinley School Board, since the CRNM site was 
located with the community and school district boundaries.  Approval of community resolution and 
school board voting approval documentations are viewed in Appendix G.  The ERG laboratory 
provided the data analysis reporting for this study, since all sample collections were sent off from 
the site operator to the laboratory.  The laboratory report can be viewed in Appendix A.      
     A meteorological wind rose was determined at the CRNM site and four (4) air monitoring 
instruments.  Based upon the CRNM study results, a health risk-based procedure was used to 
identify “pollutants of interest.”  The goals of the sample collection schedule will be address, 
which will show the samples validation from each sample collection date.  A section providing 
information regarding health risk-based was used to help identify “pollutants of interest” based on 
the CRNM results of this study.     
Sample Collection Schedule 
     The objective of the CRNM monitoring effort was to retrieve and analyze at least ten (10) sets 
of valid samples for valid samples for each analyte of interest.  The study accomplished this 
objective: fifteen (15) valid metals and VOCs samples; twelve (12) carbonyl compounds and 
thirteen (13) PAHs sample.  Table 3 shows the list of sample dates for the entire sampling period 
(December 25, 2014 – March 19, 2015).  Majority of the samples were valid for analysis, but five 
(5) were not considered valid, due to sampler malfunction, lab issue, or sample did not run for the 
full 24 hours.  At least having a set of ten (10) sets of samples for each method is related to the 
SATMP EPA effort measurements used in their previous studies.     
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Table 3. 







12/25/14 Reported a Invalid Reported Reported 
12/31/14 Reported a Invalid Reported Reported 
1/6/15 Reported a Invalid Reported Reported 
1/12/15 Reported Reported Reported Reported 
1/18/15 Reported Reported Reported Reported 
1/24/15 Reported Reported Reported Reported 
1/30/15 Reported Reported Reported Reported 
2/5/15 Reported Reported Reported Reported 
2/11/15 Reported Reported Reported b Invalid 
2/17/15 Reported Reported Reported Reported 
2/23/15 Reported Reported Reported c Invalid 
3/1/15 Reported Reported Reported Reported 
3/7/15 Reported Reported Reported Reported 
3/13/15 Reported Reported Reported Reported 
3/16/15 Reported Reported Reported Reported 
Total Valid vs 
Total Collected 
15/15 12/15 15/15 13/15 
a Sampler malfunction 
b Lab Issue 
c Sample did not run for or 24 hours 
*ERG Laboratory provided data sample collection summary table in
Appendix B. 
Data Results 
     This section will provide a summary of the analytical results provided by ERG Laboratory, 
since they are the contracted lab assisting with TAMS on the SATMP for Navajo Nation in 
regards to CRNM air monitoring site (Appendix A).  Within the Appendix B report the detection 
rate for each pollutant, minimum concentration, maximum concentration, average concentration 
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and the standard deviation are stated from pollutants measured from CRNM site for the whole 
sampling period.   
     The data results for VOC concentrations, illustrated in Figure 6, the highest average 
concentration are dichlorodifluoromethane (2.57± 0.13 µg/m3).  It is the only pollutant shown 
exceeding the 2.0 µg/m3.  There were two (2) pollutants greater than 1.0 µg/m3 but not reaching 
2.0 µg/m3.  The pollutants were chloromethane (1.45 ± 0.46 µg/m3) and trichlorofluoromethane 
(1.33 ± 0.06 µg/m3).  The remaining VOC concentrations were below 1.0 µg/m3.  It was reported 
by ERG Laboratory (Appendix B) the maximum concentration for chloromethane was 4.55 µg/m3 
measured on February 5, 2015, where the next highest concentration was measured at 1.48 
µg/m3.  The two (2) highest concentrations for chloromethane were recorded on two (2) separate 
sampling dates in the month of February 2015.  Table 4 states the VOCs highest three (3) 
concentration range and median concentration.   
     Dichlorodifluoromethane resulted with a pollutant range of 2.13 µg/m3 to 2.94 µg/m3, with a 
median concentration of 2.65 µg/m3.  It was determine by ERG that there is relatively little 
variability in the concentration for this pollutant based on the derived confidence internals, even 
though this was the highest VOC average concentration pollutant within the sampling period.  
Chloromethane ranged from 0.942 µg/m3 to 4.55 µg/m3, with a median concentration of 1.23 
µg/m3.  It was determined by ERG Laboratory the pollutant range and median concentration for 
chloromethane results indicate a relatively large confidence interval for this pollutant.  The 
concentration pollutant range for trichlorofluoromethane is from 1.10 µg/m3 to 1.46 µg/m3, with 
1.33 µg/m3 as the median concentration.  It was determined that this pollutant showed little 
variability measured at CRNM site.   
     Other VOC concentrations measured in Figure 6 results from this study were dichloromethane 
ranged from 0.289 µg/m3 to 3.48 µg/m3, with a median concentration of 0.87 µg/m3.  Also 
benzene had a data range from 0.323 µg/m3 to 0.771 µg/m3 with a median concentration of 0.588 
µg/m3, and carbon tetrachloride data ranged from 0.473 µg/m3 to 0.756 µg/m3 with a median 
concentration of 0.633 µg/m3.  Additional VOC concentrations exceeding average concentration 
of 0.5 µg/m3 was propylene, toluene, acetylene and trichlorotrifluoroethane.  The remaining VOC 
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concentration were between 0 µg/m3 to 0.5 µg/m3, where acrolein data range was 0 µg/m3 to 1.1 
µg/m3 with a median concentration of 0.448 µg/m3.  Also other concentration below 0.5 µg/m3 
were xylene, acetonitrile, chloroform and etc.  Additional discussion will be address further within 
this chapter in regards to the VOC concentration health impacts in the “Health Risk and Pollutant 
of Interest Summary” section.  Overall, a total of 53 VOCs concentrations were measured to be 
greater than 1.0 µg/m3 at CRNM air monitoring site: dichlorodifluoromethane and 
trichlorofluoromethane measured in 15 samples; chloromethane measured 14; dichloromethane 
measure 3; propylene and toluene 2; and acrolein and acetylene 1.  Ten (10) VOC compounds 
were not detected at all in any sample collection.  The goal of measuring 15 valid VOCs samples 
were gathered from CRNM and were met.    
     The method detection limits (MDL) have been established for the target analytes provided 
from EPA (2015) as part of the SATMP.  The MDL listing of HAP compounds in Appendix H is the 
MDLs reported by ERG for use in the national lab contract for this project.  Based on the VOC 
concentration results shown in Table 5, the EPA required MDL concentrations are highlighted 
with twelve (12) HAP compounds are higher than resulted concentration for this study: 
Bromodichloromethane, Bromoform, Chlorobenzene, p-Dichloroethane, Ethyl  tert-butyl ether, 
Methyl methacrylate, Methyl tert-butyl ether, 1,1,2,2-Tetrachloroethane, 1,1,2-Trichloroethane, 
Trichloroethylene, Vinyl chloride.  The other VOC concentrations resulted were higher than the 
EPA MDL values.     
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Figure 6. Volatile Organic Compounds (VOCs) Concentration Over the Sample Period 
*ERG Laboratory provided the data analysis reported in Appendix B.
Table 4 









 Confident Interval 
for Pollutant 
Dichlorodifluoromethane 2.13  to 2.94 2.65 Relatively Little 
Variability 
Chloromethane 0.942 to 4.55 1.23 Relatively  Large 
Confidence Interval 
Trichlorofluoromethane 1.10 to 1.46 1.33 Relatively Little 
Variability 

























































































































































































































































































































































































































































































































































































































































VOC Concentration Values compared to EPA Required Method Detection Limit (MDL) 
VOCs Concentration µg/m³ 
EPA Required Method 
Detection Limit (MDL) µg/m³ 
Acetonitrile 0.19 0.097 
Acetylene 0.52 0.013 
Acrolein 0.448 0.035 
Benzene 0.588 0.020 
Bromodichloromethane 0.00805 0.016 
Bromoform 0.0166 0.020 
1,3-Butadiene 0.068 0.006 
Carbon Disulfide 0.0688 0.007 
Carbon Tetrachloride 0.633 0.012 
Chlorobenzene 0.008 0.011 
Chloroform 0.092 0.012 
Dibromochloromethane 0.0341 0.011 
p-Dichlorobenzene 0.0205 0.023 
Dichlorodifluoromethane 2.57 0.019 
1,1-Dichloroethane 0.00271 0.008 
Dichlorotetrafluoroethane 0.133 0.010 
Ethyl tert-Butyl Ether 0.00223 0.028 
Ethylbenzene 0.0925 0.015 
Methyl Isobutyl Ketone 0.0797 0.025 
Methyl Methacrylate 0.0041 0.110 
Methyl tert-Butyl Ether 0.00169 0.051 
n-Octane 0.107 0.018 
Propylene 0.652 0.063 
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Styrene 0.0617 0.013 
1,1,2,2-Tetrachloroethane 0.0138 0.019 
Toluene 0.542 0.030 
1,2,4-Trichlorobenzene 0.0535 0.052 
1,1,2-Trichloroethane 0.00401 0.015 
Trichloroethylene 0.00323 0.008 
Trichlorofluoromethane 1.33 0.012 
1,2,4-Trimethylbenzene 0.0725 0.052 
1,3,5-Trimethylbenzene 0.0266 0.018 
Vinyl chloride 0.00154 0.005 
Xylene 0.263 0.028 
* EPA Required MDL listed in Appendix H.
     The data results from carbonyl compounds concentration shows the highest average 
concentration was acetone (2.20 ± 0.56 µg/m3) in Figure 7, which exceeded 2.0 µg/m3.  The next 
pollutant measures with the highest concentration was formaldehyde (1.44 ± 0.21 µg/m3).  As 
determined by ERG Laboratory, the highest concentration of acetone was on March 19, 2015 and 
the two other acetone concentration exceeded 3.0 µg/m3 in the month of March.  The confidence 
level for acetone was determined to be relatively large due to the pollutant range from 1.05 µg/m3 
to 3.98 µg/m3, and a median concentration of 1.98 µg/m3, which is shown in Table 6.  
Formaldehyde was measured to have a pollutant concentration range from 0.811 µg/m3 to 1.98 
µg/m3 and a median concentration of 1.58 µg/m3.  It was determined by ERG Laboratory that the 
confidence level could not be stated due to the median concentration averaging higher than the 
average concentration, where the lower end of the range is pulling down the study average.  The 
remaining carbonyl compounds shown in Figure 7 were less than 1.0 µg/m3.  A total of 23 
carbonyl compounds measured higher than 1.0 µg/m3 at CRNM air monitoring site: acetone had 
12 samples above this level and formaldehyde had 11.  It was noted by ERG Laboratory two (2) 
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carbonyl compounds were not detected at all in the samples gather at CRNM.  These were 
isovaleraldehyde and 2, 5-dimethylbenzaldehyde.  The goal of the measuring 12 valid carbonyl 
compound samples were gathered from CRNM and were met 
     In comparison to the EPA required MDL (Appendix H) the carbonyl compound concentrations 
in Table 7 resulted with all concentrations from this study were higher than the EPA MDL values.  
The ERG laboratory used the listed target analytes MDL for use in the national lab contract for 
this project.       
Figure 7. Carbonyl Compound Concentration over the Sample Period 









































 Confident Interval 
for Pollutant 
Acetone 1.05 to 3.98 1.98 Relatively Large 
Confidence 
Formaldehyde 0.811 to 1.98 1.58 
Undetermined 
*ERG Laboratory provided the data analysis reported in Appendix B. 
Table 7 
Carbonyl Concentration Values compared to EPA Required Method Detection Limit (MDL) 
Carbonyl Compounds Concentration µg/m³ 
EPA Required Method 
Detection Limit (MDL) µg/m³ 
Acetaldehyde 0.793 0.0090 
Acetone 2.2 0.0100 
Benzaldehyde 0.0718 0.0010 
Butyraldehyde 0.151 0.0600 
Crotonaldehyde 0.0818 0.0050 
Formaldehyde 1.44 0.0440 
Hexaldehyde 0.0688 0.0050 
Propionaldehyde 0.132 0.0120 
Tolualdehydes 0.0656 0.0090 
Valeraldehyde 0.0415 0.0050 
* EPA Required MDL listed in Appendix H.
     The data results from polycyclic aromatic hydrocarbons (PAH) concentration shows the 
highest average concentration was naphthalene (53.30 ± 14.66 ng/m3) in Figure 8, which 
exceeded 50 ng/m3.  The ERG Laboratory data analysis determined the pollutant concentration 
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range for naphthalene was 19.2 ng/m3 to 103 ng/m3, where the maximum concentration was 
measured on February 5, 2015.  The next highest PAH was phenanthrene (10.41 ± 1.39 ng/m3), 
and the third highest measured concentration was retene (8.92 ± 3.59 ng/m3).  Figure 8 shows 
naphthalene to be about five times more than phenanthrene, and the rest of the PAH pollutants 
measured are all less than 5 ng/m3.  The goal of the measuring 13 valid PAH samples gathered 
from CRNM were met.  A list of HAP compounds shown in Appendix H provides the EPA required 
method detection limits (MDL) with higher concentration value than the resulted concentrations 
from this study are highlighted in Table 8.  The four (4) PAH concentrations were: Coronene, 
Cyclopenta[c,d]pyrene, Perylene, and Retene.     
     The data results from particulate matter 10 micron (PM10) metals concentration shows the 
highest average concentration was manganese (4.32 ± 1.39 ng/m3),the next pollutant measure 
was chromium (3.49 ± 0.33 ng/m3), and the third highest measure was lead (0.56 ± 0.10  ng/m3) 
in Figure 9.  The ERG Laboratory data analysis determined that the variability related to 
manganese is more than the variability with chromium, which is shown with confidence interval.  
The rest of the metals measured were below 1.0 ng/m3): nickel, antimony, arsenic, and selenium.  
The goal of the measuring 15 valid PM10 metals samples was met.  The listing of HAP 
compounds in Appendix H was compared between the resulted concentration and EPA required 
method detection limits (MDL).  The PM10 metal concentrations shown in Table 9 are all higher in 
value in comparison to the EPA MDL values.     
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Figure 8. Polycyclic Aromatic Hydrocarbon (PAH) Concentration over the Sample Period 
* ERG Laboratory provided the data analysis reported in Appendix B.
Table 8 
PAH Concentration Values compared to EPA Required Method Detection Limit (MDL) 
PAHs Concentration µg/m³ 
EPA Required Method 
Detection Limit µg/m³ 
Anthracene 0.00133 0.000052 
Benzo (a) anthracene 0.000702 0.000063 
Benzo (a) pyrene 0.000519 0.000061 
Benzo (b) fluoranthene 0.00067 0.000059 
Benzo (e) pyrene 0.000407 0.000049 
Benzo (g,h,i) perylene 0.000325 0.000033 
Benzo (k) fluoranthene 0.000326 0.000059 
Chrysene 0.00101 0.000040 
Coronene 0.000141 0.043000 































Dibenz (a,h) anthracene 0.0000824 0.000049 
Fluoranthene 0.00268 0.000046 
Fluorene 0.00354 0.000038 
Indeno (1,2,3-cd) pyrene 0.00254 0.000040 
Naphthalene 0.0533 0.000240 
Perylene 0.0000817 0.028000 
Phenanthrene 0.0104 0.000059 
Pyrene 0.0021 0.000059 
Retene 0.00892 0.057000 
* EPA Required MDL listed in Appendix H.
Figure 9. Particulate Matter 10 (PM10) Metals Concentration over the Sample Period    
































PM10 Metals Concentration Values compared to EPA Required Method Detection Limit (MDL) 
Metals Concentration µg/m³ 
EPA Required Method Detection 
Limit µg/m³ 
Antimony 0.000303133 0.000007 
Arsenic 0.0001974 0.000009 
Beryllium 0.00001118 0.000002 
Cadmium 0.00004 0.000029 
Chromium 0.003486667 0.000340 
Cobalt 0.0000598 0.000006 
Lead 0.000555 0.000056 
Manganese 0.004322533 0.000057 
Mercury 0.00001 0.000017 
Nickel 0.000391533 0.000130 
Selenium 0.000106933 0.000013 
* EPA Required MDL listed in Appendix H.
Meteorological Wind Rose Summary 
    A wind rose provides information on wind speed and direction at or near the monitoring site.  
The importance of gathering metrological wind rose information is to help determine the 
predominant direction from which direction the wind is blowing, which can help determine whether 
emissions are from an upwind or nearby source.  Also the determination of high pollutant 
concentration can have a correlation to the specific wind direction, where a wind rose diagram is 
developed to the frequency of time that the wind blows from a particular directions.   
     A meteorological probe was setup at CRNM air monitoring site.  The probe was initially setup 
to collect data starting with first sample collection date on December 25, 2014, but after viewing 
the data it did not start to collect data until January 13, 2015 and ended on March 19, 2015.  
Figure 10 shows the wind rose from January 13, 2015 to March 19, 2015.  The frequency of the 
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wind directions around a 16-point compass is shown by petals position, where colors represent 
the wind speed.  The wind rose illustrates the southwest quadrant is where most winds are 
detected, followed by the north, northeast and east quadrants.  The calms winds between 1-4 
knots were detected in all directions of wind observed.  The winds from the southwest quadrant 
were stronger than the northwest quadrant, based on the color scheme, along with a higher 
frequency.     
Figure10. Wind Rose from CRNM Air Monitoring Site (January 13, 2015 – March 19, 2015) 
*ERG Laboratory provided the data analysis reported in Appendix B
Health Risk and Pollutant of Interest Summary 
     Based on the results the following overview is to provide the health risk associated with the 
“pollutants of interest” from the CRNM air monitoring results.  This summary addresses the 
targeted air toxics within ambient air.  Hazardous air pollutants (HAPs) are those pollutants 
known or suspected to cause cancer or other serious health effects, such as reproductive effects 
or birth defects, or adverse environmental effects (EPA, 2015).  EPA has classified many 
hazardous air pollutants as “carcinogenic to humans," "likely to be carcinogenic to humans," or 
"suggestive evidence of carcinogenicity to humans" (EPA, 2015).  The health risks are divided 
into cancer or noncancerous effects to determine the human health risk within this section of the 
study.  Cancer risks are expressed as the number of excess cancer deaths per million people as 
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a result of inhaling the carcinogen over a 70 year lifetime.  Noncancerous related health effects 
are associated with respiratory and lung issues that includes conditions like asthma to be caused. 
The health risk related to noncancerous defined by EPA (2015) is called hazard quotient (HQ), 
where “value of the HQ at or below one indicates that the exposure is not likely to result in 
adverse health effects.”  Therefore, HQ is considered a unit less value.  An HQ of less than 1 is 
not likely to have negative effects over a lifetime of exposure.     
     The human health risk analysis was conducted by ERG Laboratory, which is reported with 
Appendix A.  The toxicity factors were defined by EPA (2015) for cancer unit risk estimates 
(UREs) and noncancerous reference concentrations (RfCs).  Estimates were screened to identify 
any air toxic concentrations that represent a human health risk.  The ERG Laboratory addresses 
the preliminary risk-based screen process for this section was adapted by the approach and risk-
based methodology from the EPA published guidance document called A Preliminary Risk-Based 
Screening Approach for Air Toxics Monitoring Dataset (Appendix B). The screening values are 
converted from the cancer UREs and noncancerous RfCs, where the URE is converted to µg/m3 
and divided by one million.  The noncancerous screening value is one-tenth of the RfC and 
converted from mg/m3 to µg/m3.  For the final reporting of the screening value from this study, the 
lower of the two (2) screening values are used, where not all pollutants analyzed for this study 
had defined screening values.  For this study a total of 65 pollutants have screening values 
analyzed.  The analyses are located within Appendix A for the risk factors used for the study by 
ERG Laboratory.  The “pollutant of interest” from the study was produced from the daily 
measurements of the target pollutants compared to the chronic risk screening values. The ERG 
Laboratory (Appendix A) conducted the risk-based screening process to identify “pollutant of 
interest” by determining the “failing the screen” method where the concentration greater than the 
risk screening value was indicated; for each pollutant the amount of failed screen was summed; 
percent contribution to total number of failed screens was calculated; and “pollutant of interest” 
were determine if pollutant top 95 percent (95%) of the total failed screen.  Concentrations that 
may pose human health risks may be further studied.     
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     Table 10 shows the overall risk-based screening results developed by ERG Laboratory from 
the CRNM air monitoring site.  A total of eleven (11) “pollutants of interest” failed the screening 
process within the sampling period.  Six (6) were from VOCs, two (2) from carbonyl compounds, 
two (2) PAHs, and one (1) from PM10 metals.  Four (4) VOCs (benzene, 1, 3-butadiene, carbon 
tetrachloride, and 1, 2-dichloroethane) had fifteen (15) measurements and each failed the screen, 
meaning a 100% failure rate for each pollutant.  Also there were two (2) carbonyl compounds 
(acetaldehyde and formaldehyde) which each had twelve (12) measurements and a 100% failure 
rate for each pollutant.  For PAH (naphthalene) thirteen (13) samples were measured and ten 
(10) resulted in failed screening, resulting in a 77% failure rate.  Also for PAH (benzo (a) pyrene) 
resulted with thirteen (13) valid measurement sampled and five (5) failed screen, with a 38 
percent failure rate.  The PM10 metal arsenic had fifteen (15) samples collected and four (4) failed 
the screen, resulting in a 27% failure rate.  VOC pollutant 1, 2-dibromoethane is listed as one of 
the eleven (11) pollutants in Table 6, but due to arsenic exceeding 95 percent (95%) the next 
pollutant contributed equally to the failed screen amount will be designated as a “pollutant of 
interest.”  Table 6 states arsenic had four (4) failed screen resulting, where 1, 2-dibromoethane 
had two (2), therefore, is not contributed to the 95 percent of failed screen for CRNM.  Overall, 
the shaded gray in Table 6 pollutants are the ten (10) pollutants out of eleven (11) that resulted in 
at least screened 95 percent (95%) of failed screen for CRNM air monitoring site.       
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Table 10 



















Navajo Nation Church Rock, New Mexico - CRNM 
Benzene 0.13 15 15 100.00 13.39 13.39 
1,3-Butadiene 0.03 15 15 100.00 13.39 26.79 
Carbon Tetrachloride 0.17 15 15 100.00 13.39 40.18 
1,2-Dichloroethane 0.038 15 15 100.00 13.39 53.57 
Acetaldehyde 0.45 12 12 100.00 10.71 64.29 
Formaldehyde 0.077 12 12 100.00 10.71 75.00 
Naphthalene 0.029 10 13 76.92 8.93 83.93 
Hexachloro- 1,3-
butadiene 
0.045 7 7 100.00 6.25 90.18 
Benzo(a)pyrene 0.00057 5 13 38.46 4.46 94.64 
Arsenic (PM10) 0.00023 4 15 26.67 3.57 98.21 
1,2-Dibromoethane 0.0017 2 2 100.00 1.79 100.00 
Total 112 134 83.58 
*ERG Laboratory provided the data analysis reported in Appendix B.
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusion 
     The purpose of this study was to determine if any hazardous air toxics were detected within 
the ambient air, which could have a health impact on school children who are attending school on 
a daily basis.  The correlation between the data results and the health risk summary section of 
this study does not necessarily indicate an automatic similarity in measurement, but does state 
the results from this study have results with some health concerns.  For example the pollutant 
measured with a high concentration results does not mean the pollutant also results with higher 
risk to human health. Also if the measurements were low, the pollutant might have a higher risk to 
human, due to the pollutant being more toxic, which is more of a risk associated within ambient 
air.  From the results of this study there are several pollutants (dichlorodifluoromethane, acetone, 
and trichlorofluromethane) that did not have risk screening values, but results with high 
concentration were measured.  Also chloromethane did not result with any failed risk screening 
values, therefore this pollutant did not appear on the Table 6.  Formaldehyde did result with 
higher concentration value and failed screens, shown in Table 6.  In Table 6 the listed pollutants 
that failed screens did not have relatively high concentrations, but the screening values are low, 
which meant the pollutant either failed for all or nearly all measured pollutants for that particular 
one.  Benzene had a risk screening value of 0.13 µg/m3, where the measured CRNM range 
resulted from 0.323 µg/m3 to 0.771 µg/m3, and all of benzene failed for screening.  It was 
determined by ERG Laboratory the CRNM average for benzene concentration is 0.59 ± 0.08 
µg/m3 through the study period, this is less than the national average, which was estimated to be 
between 0.75 µg/m3 to 1.0 µg/m3.  The national averages were gathered from the EPA’s National-
Scale Air Toxics Assessment (NATA) from 2005 (EPA, 2011), EPA’s National Monitoring 
Programs (NMP) annual reports for 2011 and 2012 (EPA, 2015), and EPA’s Report on the 
Environment (ROE) (EPA, 2015). Benzene concentration from this study did not exceed the 
national average estimates.     
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     Another pollutant compared to the national average is carbon tetrachloride, which was used as 
a refrigerant and propellants for aerosol cans.  The CRNM’s average for this pollutant over the 
study period was 0.63 ± 0.04 µg/m3 and the national average estimate was between 0.55 µg/m3 
and 0.70 µg/m3 (EPA, 2011; EPA, 2015; EPA, 2015).  Carbon tetrachloride exceeds the lower 
end of the national average estimate but not the highest.  Formaldehyde over the study period 
average 1.44 ± 0.21 µg/m3, which is also less than the national average estimated between 2.0 
µg/m3 to 3.0 µg/m3 (EPA, 2011; EPA, 2015; EPA, 2015).  This pollutant did not exceed the 
national average.  Another pollutant concentration had the highest study average of 53.30 ± 
14.66 ng/m3 for PAHs is naphthalene.  The concentration range was from 19.2 ng/m3 to 103 
ng/m3, with a screening risk value of 29 ng/m3 and all three (3) naphthalene failed screen 
measured at CRNM.  The national average estimate for naphthalene between 70 ng/m3 and 90 
ng/m3 (EPA, 2011; EPA, 2015; EPA, 2015).  Naphthalene did not exceed the national average of 
estimate values, but had the highest concentration range of 103 ng/m3 that exceed the highest 
end of national average estimate value.    
     Other PAH pollutants like retene, benzo(a)pyrene and acenaphthylene had high average 
concentration resulted and exceeded the national average estimate values, but did not have any 
failed screens or had no risk screening values determined.  Retene has an average concentration 
8.92 ± 3.59 ng/m3, where the national average estimate is about 0.4 ng/m3 (EPA, 2015).  Benzo 
(a) pyrene had a study average of 0.52 ± 0.26 ng/m3, with concentration range of 0.13 ng/m3 to 
1.42 ng/m3.  This pollutant failed five (5) screens, and the national average estimate is about 
0.085 ng/m3 (EPA, 2015).  Acenaphthylene had a risk screening value but results with no failed 
screen.  The overall study average was 2.46 ± 1.32 ng/m3, where the national average estimate 
is about 0.6 ng/m3 (EPA, 2015).  These three (3) PAH pollutants had rather large confidence 
interval, where the relatively high levels of variability are indicated with the measurements.   
     As for the PM10 metals, arsenic measured concentration at CRNM was relatively low, but it 
resulted in failed screens.  Arsenic was identified as one of the “pollutant of interest” in Table 6.  
The overall study average of arsenic is 0.20 ± 0.12 ng/m3, and the national average estimate was 
reported to be 0.58 ng/m3 by NATA 2005 (EPA, 2011), 0.75 ng/m3 from EPA’s 2012 NMP report 
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(EPA, 2015), and 0.87 ng/m3 from EPA’s ROE (EPA, 2015). Arsenic has been listed as a toxic 
pollutant, which is more risk associated to the ambient air.  This pollutant did not exceed any of 
the national estimate averages.     
     Overall this study has provided an overview from the short-term air monitoring results setup at 
CRNM site.  The CRNM site is located on the Navajo Nation tribal lands in the northwestern area 
of New Mexico.  The sampling period was over a 3-month timeframe, where VOC, carbonyl 
compounds, PAH, and PM10 metals sample data were collected from CRNM site.  A total of 11 
pollutant failed screens, but 10 pollutants were detected as “pollutant of interest”.  It was stated by 
ERG Laboratory that the outcome of the “pollutant of interest” are the same pollutants that failed 
screen at any given monitoring location because nearly every measured detection was greater 
than the associated screening level (Appendix B).  The study also found the wind direction might 
have had an impact on the overall data results.  The majority of the wind came from the 
southwest direction at CRNM air monitoring site shown in figure 10.  As illustrated in figure 4, 
majority of the point source emissions are located in the southwest direction from CRNM.  The 
pollutants detected from this study could have been emitted from sources that are everywhere, 
for example mobile source or from localized industrial sources.  The outcome from this study has 
determine that hazardous air toxics are looming over the surrounding schools and the ambient air 
school children are breathing is not pristine, which could have a health impact on their 
developmental and growth effects.   
Recommendations for Future Studies 
     After completing this study the following are recommendations for future studies. 
 A full year of air monitoring sampling period to be conducted would benefit the air toxics
at CRNM site. This will help further address if additional steps are needed to determine
an improvement of air quality from surrounding sources.  Also through a one year
sampling period, it would be beneficial to observe the seasonal weather effects of air
quality data results and if there is a trend in highest measured  concentration.
 Since within this study the wind rose collection dates started from January 13, 2015 to
March 19, 2015, the lack of data information for the month of December 2014 and part of
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January 2015 was needed. Determining the overall wind speed and direction from the 
start of sampling period would help if the higher concentrations resulted are really being 
affected from surrounding source.   
 Comparison from emergency room visits relating to respiratory or health related issues
from Church Rock Elementary School during the different weather patterns (winter vs.
spring) could be favorable.
 Conducting additional SATMP monitoring site throughout the Navajo Nation would help
determine if surrounding sources or wind pattern downwind drifts are affecting the overall
air quality on school children.
 Further research in surrounding sources around CRNM would determine if the resulted
concentration were being affected.
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